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Abstract: In the Next-to-Minimal Supersymmetric Standard Model with inverse
seesaw mechanism for neutrino mass, the lightest sneutrino may act as a feasible
DM candidate in broad parameter space. In this case, the smallness of the unitary
violation in neutrino sector and the recent XENON-1T experiment are able to limit
the DM sector, especially they can set upper bounds on neutrino Yukawa couplings λν
and Yν . We study such an effect by encoding the constraints in a likelihood function
and then performing elaborated scans over the vast parameter space of the theory
by Nested Sampling algorithm. We show that the constraints are complementary to
each other in limiting the theory, and in some cases they are rather tight. We also
study the impact of future LZ experiment on the theory.
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1 Introduction
As the most popular ultraviolet-complete Beyond Standard Model, the Minimal
Supersymmetric Standard Model (MSSM) with R-parity conservation predicts two
kinds of electric neutral, possibly stable and weakly interactive massive particles,
namely sneutrino and neutralino, which may act as dark matter (DM) candidates [1,
2]. In the 1990s, it was proven that the left-handed sneutrino as the lightest super-
symmetric particle (LSP) predicts a much smaller relic abundance than its measured
value as well as an unacceptably large DM-nucleon scattering rate due to its inter-
action with Z boson [3, 4]. This fact made the lightest neutralino (usually with Bino
field as its dominant component) the only reasonable DM candidate so that it has
been studied intensively since then. However, with the rapid progress in DM direct
detection (DD) experiments in recent years, the candidate becomes more and more
tightly limited by the experiments [5–8] assuming that it is fully responsible for the
measured relic density and that the Higgsino mass µ is less than about 300GeV,
which is favored to predict Z boson mass in a natural way [9]. These conclusions
apply to the Next-to-Minimal Supersymmetric Standard Model (NMSSM) [10–12],
where sneutrinos are pure left-handed and the lightest neutralino as a DM candi-
date may be either Bino or Singlino dominated [13]. In this context, we revive the
idea of sneutrino DM in a series of works [8, 14–16]. Especially, motivated by the
phenomenology of neutrino oscillation, we augment the NMSSM with inverse seesaw
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mechanism by introducing two types of gauge singlet chiral superfields νˆR and Xˆ for
each generation matter, which have lepton number −1 and 1 respectively and their
fermion components are called heavy neutrinos in literatures, and discuss whether
the ν˜R (the scalar component of νˆR) or x˜ (the scalar component of Xˆ) dominated
sneutrino can act as a feasible DM candidate [14]. We are interested in the inverse
seesaw mechanism because it is a TeV scale physics to account for the oscillation
and may be tested by experiments in near future. We show by both analytic formu-
las and numerical calculation that the resulting theory (abbreviated as ISS-NMSSM
hereafter) is one of the most economic framework to generate neutrino mass and
meanwhile to reconcile the DM DD experiments in a natural way [8, 14].
It is well known that the introduction of the singlet field Sˆ in the NMSSM can
solve the µ problem of the MSSM [13], enhance the theoretical prediction of the SM-
like Higgs boson mass [17–19] as well as enrich the phenomenology of the NMSSM (see
for example [20–25]). In the ISS-NMSSM, the Sˆ field also plays extraordinary roles in
generating the mass of the heavy neutrinos by the Yukawa interaction λνSˆνˆRXˆ and
making the sneutrino DM compatible with various measurements [14]. The latter
role can be understood from at least two aspects. One is that the newly introduced
heavy neutrino superfields are singlets under the gauge group of the SM model, so
they can couple directly with Sˆ by the Yukawa couplings [14]. In this case, the
sneutrino DM candidate ν˜1, the singlet dominated scalars hs, As as well as the heavy
neutrinos νh compose a roughly secluded DM sector where the correct DM relic
abundance is acquired by the annihilations ν˜1ν˜
∗
1 → AsAs, hshs and/or ν˜1ν˜∗1 → νhν¯h,
which may proceed by quartic scalar interactions, s-channel exchange of hs and t/u-
channel exchange of sneutrinos or Singlino. Since this sector communicates with the
SM sector mainly by the small singlet-doublet Higgs mixing, the scattering of the
DM with nucleons is naturally suppressed, which coincides with current DM DD
results. The other is that the singlet Higgs field can mediate the transition between
ν˜1 pair and the Higgsino pair so that these particles were in thermal equilibrium in
early Universe before their freeze-out from the thermal bath. If their mass splitting is
less than about 10%, the number density of the Higgsinos can track that of ν˜1 during
the freeze-out [26] (in literature such a phenomenon was called coannihilation [27]).
Since in this case the couplings of ν˜1 to SM particles may be very weak, the scattering
is again naturally suppressed. We emphasize that in either case the suppression of
the scattering prefers a small Higgsino mass, which is involved in the coupling of
ν˜∗1 ν˜1 state to Higgs bosons, and hence there is no tension any more between the
naturalness for Z boson mass and DM DD experiments [14].
In the ISS-NMSSM, both the DM annihilation rate and the DM-nucleon scat-
tering rate depend not only on the coupling strength of ν˜1 interacting with Higgs
fields, i.e. the Yukawa couplings λν and Yν (the coefficient for νˆL · HˆuνˆR interaction)
and their corresponding soft breaking trilinear parameters Aλν and AYν , but also on
Higgs mass spectrum and the mixings among the Higgs fields which are ultimately
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determined by the parameters in Higgs sector [14]. As a result, the DM physics is
quite complicated, and is difficult to understand in a simple and intuitive way. This
inspired us to study its characteristics from different aspects, e.g. from the features
of the DM-nucleon scattering [8, 14] and its capability to explain muon anomalous
magnetic momentum [28] or other anomaly at the LHC [16]. In this work, we note
that large λν and/or Yν can enhance significantly the DM-nucleon scattering rate,
so they should be limited by the recent XENON-1T experiment [29]. We also note
that the upper bound on the unitary violation in neutrino sector sets certain corre-
lation between the couplings λν and Yν [30], which in return can limit the parameter
space of the ISS-NMSSM. Since these issues were not discussed before, we decide to
study the impact of the leptonic unitary and current/future DM DD experiments on
sneutrino DM sector. We will show that they are complementary to each other in
limiting the theory, and in some cases the constraints are rather tight. Obviously,
such a study is helpful to improve the understanding of the theory, and may be taken
as the preparation for more comprehensive studies, e.g. a global fit of the theory.
This work is organized as follows. In section 2, we briefly introduce the theory
of the ISS-NMSSM. In section 3, we describe the strategy to study the constraints,
present numerical results and reveal the underlying physics. Finally, we draw our
conclusions in section 4.
2 NMSSM with inverse seesaw mechanism
Since the ISS-NMSSM has been introduced in detail in [8, 14], we only recapitulate
its key features in this section.
2.1 Model Lagrangian
The renormalizable superpotential and the soft breaking terms of the ISS-NMSSM
take following form [14]
W =
[
WMSSM + λ sˆ Hˆu · Hˆd + 1
3
κ sˆ3
]
+
[
1
2
µX X̂ X̂ + λν sˆ νˆR X̂ + Yν lˆ · Hˆu νˆR
]
,
Lsoft =
[
LsoftMSSM −m2S|S|2 − λAλSHu ·Hd −
κ
3
AκS
3
]
−
[
m2ν˜ ν˜Rν˜
∗
R +m
2
x˜x˜x˜
∗ +
1
2
BµX x˜x˜+ (λνAλνSν˜
∗
Rx˜+ YνAYν ν˜
∗
R l˜Hu + h.c.)
]
,
where WMSSM and L
soft
MSSM represent those of the MSSM without the µ-term, terms
in the first bracket on the right side of each equation make up the Lagrangian of the
NMSSM and those in the second bracket are needed to implement the supersymmet-
ric inverse seesaw mechanism. Note that all the coefficients in the second brackets,
i.e. the neutrino mass term µX , the Yukawa couplings λν and Yν , the soft breaking
trilinear coefficients Aλν and AYν , the soft breaking parameter BµX as well as the
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soft breaking masses m2ν˜ and m
2
x˜, are 3× 3 matrices in flavor space. Also note that,
among the parameters in the superpotential, only the matrix µX is dimensional. This
matrix parameterizes the effect of lepton number violation (LNV), and it may arise
from the integration of heavy particles in an ultraviolet high energy theory with LNV
interactions (see for example [31–33]). So the magnitude of its elements should be
suppressed. Based on similar perspective, one can infer that the matrix BµX tends
to be small.
Same as the NMSSM, the ISS-NMSSM predicts three CP-even Higgs bosons,
two CP-odd Higgs bosons and a pair of charged Higgs bosons. These bosons have
following features:
• One CP-even state corresponds to the Higgs boson discovered at the LHC,
and if tan β  1, it is favored to be Re[H0u] dominated by the LHC data.
Note that the mass of the state may be significantly affected by the interaction
λ sˆ Hˆu · Hˆd and/or by doublet-singlet Higgs mixing [17–19]. Throughout this
work, we denote this state by h.
• In most cases, the heavy doublet-dominated CP-even state is mainly composed
by Re[H0d ]. It is roughly degenerate in mass with the doublet-dominated CP-
odd state, and also with the charged states. The LHC search for extra Higgs
bosons and B-physics have required them heavier than about 500 GeV [34]. In
the following, we use H, AH and H
± to represent the states.
• With regard to the singlet-dominated states, they may be very light without
conflicting with any collider constraints. As we mentioned before, these states
may appear as the final state of the sneutrino pair annihilation or mediate the
annihilation, and thus play an important role in sneutrino DM physics. These
states are labelled by hs and As in this work.
In practice, we take λ, κ, tan β ≡ vu/vd, Aλ, Aκ and µ ≡ λvs/
√
2 as theoretical input
parameters of the Higgs sector with vu ≡
√
2〈Hu〉, vd ≡
√
2〈Hd〉 and vs ≡
√
2〈S〉
denoting the vacuum expectation values of the fields Hu, Hd and S respectively.
2.2 Unitary Constraints
In the interaction basis (νL, ν
∗
R, x), the neutrino mass matrix is [14]
MISS =
 0 MTD 0MD 0 MR
0 MTR µX
 , (2.1)
where the Dirac mass MD =
vu√
2
Yν and the Majorana mass MR =
vs√
2
λν are all 3× 3
matrix in flavor space. The matrix MISS is diagnolized by a 9× 9 unitary matrix Uν
U∗νMISSU
†
ν = diag(mi,mHj),
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to get three light neutrinos and six heavy neutrinos. Without loss of generality, the
rotation matrix U †ν can be decomposed into the blocks(
U †ν
)
9×9 =
(
U3×3 X3×6
Y6×3 Z6×6
)
, (2.2)
with U3×3 being the submatrix that encodes in the neutrino oscillation information
and should be consistent with neutrino experimental results. On the other side, one
can also extract the effective mass matrix of the light active neutrinos from Eq.(2.1),
which is given by
Mlight 'MTDMT
−1
R µXM
−1
R MD ≡ FµXFT (2.3)
with F ≡MTDMT−1R . This matrix is diagonalized by the well-known unitary Pontecorvo-
Maki-Nakagawa-Sakata (PMNS) matrix
UTPMNSMlightUPMNS = Diag(mν1 ,mν2 ,mν3) (2.4)
to get the active neutrino mass mνi with i=1, 2, 3. Generally speaking, due to the
mixings among the states (νL, ν
∗
R, x), the matrix U3×3 in Eq.(2.2) does not overlap
with the UPMNS, instead they are related by
U3×3 '
(
1− 1
2
FF †
)
UPMNS ≡ (1− η)UPMNS.
In this sense, η ≡ 1
2
FF † is a measure of the non-unitarity of the matrix U3×3, and a
global fit to low energy experimental data prefers [35]√
2|η|ee < 0.050,
√
2|η|µµ < 0.021,
√
2|η|ττ < 0.075,√
2|η|eµ < 0.026,
√
2|η|eτ < 0.052,
√
2|η|µτ < 0.035, (2.5)
which indicate UPMNS ' U3×3 to a good approximation.
From Eq.(2.3), one can express the parameter µX in term of the measurements
of mνi and UPMNS [30, 36]
µX = M
T
R m
T−1
D U
∗
PMNSDiag(mν1 ,mν2 ,mν3)U
†
PMNS mD
−1MR.
This formula indicates that one may set Yν and λν to be flavor diagonal, and attribute
the neutrino experimental data solely to the non-diagonality of µX . In this case, the
unitary constraint becomes∣∣∣∣ [λν ]11µ[Yν ]11λvu
∣∣∣∣ > 14.1, ∣∣∣∣ [λν ]22µ[Yν ]22λvu
∣∣∣∣ > 33.7, ∣∣∣∣ [λν ]33µ[Yν ]33λvu
∣∣∣∣ > 9.4. (2.6)
These inequations reveals that the ratio [λν ]33/[Yν ]33 may be significantly smaller
than [λν ]11/[Yν ]11 and [λν ]22/[Yν ]22 once λ, µ and vu (or alternatively tan β) are
given. Furthermore, if λν is assumed proportional to the identity matrix, [Yν ]33 may
be much larger than [Yν ]11 and [Yν ]22.
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2.3 Sneutrino DM
In the ISS-NMSSM, if one decomposes the sneutrino fields into CP-even and -odd
parts
ν˜L =
1√
2
(φ1 + iσ1) , ν˜
∗
R =
1√
2
(φ2 + iσ2) , x˜ =
1√
2
(φ3 + iσ3) , (2.7)
the squared mass of the CP-even fields is given by
m2ν˜ =
m11 m12 m13m∗12 m22 m23
m∗13 m
∗
23 m33
 , (2.8)
in the bases (φ1, φ2, φ3), where
m11 =
1
4
[
2v2uRe
(
YνY
∗
ν
)
+ 4Re
(
m2
l˜
)]
+
1
8
(
g21 + g
2
2
)(
− v2u + v2d
)
1,
m12 = −1
2
vdvsRe
(
λY ∗ν
)
+
1√
2
vuRe
(
YνAν
)
,
m13 =
1
2
vsvuRe
(
Yνλ
∗
ν
)
,
m22 =
1
4
[
2v2sRe
(
λνλ
∗
ν
)
+ 2v2uRe
(
YνY
∗
ν
)
+ 4Re
(
m2ν˜
)]
,
m23 =
1
8
{
−2vdvuλλν + 2
[(
− vdvuλ+ v2sκ
)
λ∗ν + v
2
sκλν
]
+
√
2vs
[
−4Re
(
µXλ
∗
ν
)
+ 4Re
(
A∗λνλν
)]}
,
m33 =
1
8
[
4v2sRe
(
λνλ
∗
ν
)
+ 8Re
(
BµX
)
+ 8Re
(
µXµ
∗
X
)
+ 8Re
(
m2x˜
)]
. (2.9)
This matrix can be diagonalized by a unitary matrix V , and consequently the mass
eigenstates are ν˜R,i = Vijφj with i, j = 1, 2, 3. From these formulae, one can learn
following facts:
• The squared mass involves a series of 3 × 3 matrices in flavor space: Yν , λν ,
AYν , Aλν , µX , BµX , ml˜, mν˜ and mx˜, and it is a 9×9 matrix in three generation
(φ1, φ2, φ3) bases. Among the matrices, only µX must be flavor non-diagonal
to account for the neutrino oscillation, but since its magnitude is usually less
than 10 KeV [36], it can be neglected in calculating sneutrino mass. So in case
that there is no flavor mixings for the other matrices, the squared mass is flavor
diagonal, and one can work in one generation (φ1, φ2, φ3) bases to simplify the
study of the sneutrino DM. In this work we only consider the third generation
sneutrinos as DM sector by noting that both the unitary bound and the con-
straints of the LHC search for sparticles on this sector are significantly weaker
than on the other generations [14]. Hereafter when we refer to the parameters
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such as Yν , λν , etc., we actually denote their 33 elements. Accordingly, the
rotation V is understood as a 3× 3 chiral mixing matrix. We add that Yν and
λν can be taken as real and positive numbers by adjusting the phases of the
fields νˆR and Xˆ.
• The mixing of the field φ1 with the other fields is determined by the parameters
Yν and Aν , and as Yν approaches zero, |m12| and |m13| and consequently |V11|
(the left-handed sneutrino component in the lightest sneutrino) will diminish
monotonously. In the extreme case of Yν = 0, all the quantities vanish and
the singlet dominated sneutrinos as mass eigenstates are merely mixtures of
φ2 and φ3. Furthermore, if the first term in m22 is far dominant over the rest
terms, which can be achieved when the ratio λν/λ is moderately large, and
so is m33, we have m22 ' m33. This results in a maximal mixing between
φ2 and φ3 fields where the lighter sneutrino state is approximated by ν˜R,1 '
1/
√
2[φ2 − Sgn(m23)φ3] [14]. This is a popular case in the ISS-NMSSM.
In a similar way, one may study the squared mass of the CP-odd sneutrinos in
one generation (σ1, σ2, σ3) bases, which is same as Eq.(2.8) except for the substitution
BµX → −BµX . Accordingly, the CP-odd mass eigenstates is given by ν˜I,i = V ′ijσj
with V ′ denoting relevant rotation matrix. Since the parameter BµX represents the
degree of LNV and is theoretically preferred small, we are particularly interested in
following two cases:
• The extreme case where BµX = 0. In this case, any CP-even sneutrino is
accompanied with a mass degenerate CP-odd state. So any mass eigenstate
corresponds to a complex field, and it has its anti-particle [37]. As far as the
sneutrino DM ν˜1 is concerned, we have ν˜R,1 ≡ Re[ν˜1], ν˜I,1 ≡ Im[ν˜1], Vij = V ′ij,
and ν˜1 and its anti-particle ν˜
∗
1 contribute equally to the relic density. This
situation is actually a two component DM theory. Note that the ν˜∗1 ν˜1Z coupling
in this case is proportional to |V11|2, and it contributes to the scattering of ν˜1
with nucleons. This effect is important if V11 is not too small (see following
discussion). Also note that the ν˜∗1 ν˜1Ai coupling vanishes since it is induced
only by the LNV effect.
• A more general case where |BµX | takes a value less than about 100 GeV2. This
setting results in three features. First, since mν˜R,i > mν˜I,i for BµX > 0, the
DM candidate ν˜1 is identified as ν˜I,1 state and it has a definite CP number -1.
One can reach the opposite conclusion for BµX < 0 case. Second, the rotation
matrices V and V ′ are slightly different, and the masses of the CP-even state
and its corresponding CP-odd state split by a tiny number, e.g. |mν˜R,1−mν˜I,1| '
0.2 GeV for BµX = 100 GeV
2 and mν˜R,1 ∼ 100 GeV. Sneutrino states in such a
situation compose a pseudo-complex particle in literatures [33, 38, 39]. Third,
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due to the approximate mass degeneracy, ν˜R,1 and ν˜I,1 are able to co-annihilate
in early universe to get right DM density. Since Z boson couples only to a
pair of sneutrino states with opposite CP numbers, it does not contribute to
the DM-nucleon scattering any more. Besides, except for the Z funnel region,
it also contributes little to the DM annihilation because ν˜R,1ν˜I,1Z coupling is
suppressed by a factor V ∗11V
′
11 ' |V11|2.
We checked that, as BµX varies within the range |BµX | < 100 GeV2, the DM density
as well as the cross section of current DM annihilation are scarcely changed.
In our study, we fix BµX = 0 or BµX = −100 GeV2. In either case, the ν˜∗1 ν˜1hi
coupling strength is given by
Cν˜∗1 ν˜1hi = Cν˜∗1 ν˜1Re[H0d ]Ui1 + Cν˜
∗
1 ν˜1Re[H
0
u]
Ui2 + Cν˜∗1 ν˜1Re[S]Ui3,
where hi = hs, h,H, U is the matrix to diagonalize the squared mass of CP-even Higgs
fields in the bases s = (Re[H0d ],Re[H
0
u],Re[S]), and Cν˜∗1 ν˜1s denotes the coupling of
the sneutrino DM pair to the scalar field s, which is given by
Cν˜∗1 ν˜1Re[H0d ] = λYνvsV11V12 + λλνvuV12V13 −
1
4
(g21 + g
2
2)vdV11V11,
Cν˜∗1 ν˜1Re[H0u] = λλνvdV12V13 −
√
2YνAYνV11V12 − Y 2ν vuV11V11 − λνYνvsV11V13
−Y 2ν vuV12V12 +
1
4
(g21 + g
2
2)vuV11V11,
Cν˜∗1 ν˜1Re[S] = λYνvdV11V12 − 2κλνvsV12V13 −
√
2λνAλνV12V13 +
√
2λνµXV12V13
−λνYνvuV11V13 − λ2νvs(V12V12 + V13V13). (2.10)
So far one can learn that, among the parameters in the sneutrino sector, Yν , λν ,
AYν and Aλν affect not only the interactions of the sneutrinos, but also the mass
spectrum and the mixing of the sneutrinos. In particular, large λν and Yν can
enhance the coupling strength significantly. By contrast the soft breaking masses m2ν˜
and m2x˜ affect only the latter property. Given the typical value of the quantities in
Eq.(2.10), e.g. tan β  1, |V11| < 0.1, Yν , κ, λ, λν ∼ O(0.1) and λνvs, λvs, AYν , Aλν ∼
O(100 GeV), the couplings Cν˜1ν˜1S can be approximated by
Cν˜∗1 ν˜1Re[H0d ] ' λYνvsV11V12 + λλνvuV12V13,
Cν˜∗1 ν˜1Re[H0u] ' −
√
2λνAYνV11V12 − λνYνvsV11V13 − Y 2ν vuV12V12,
Cν˜∗1 ν˜1Re[S] ' −2κλνvsV12V13 −
√
2λνAλνV12V13 − λ2νvs, (2.11)
with |Cν˜∗1 ν˜1Re[H0d ]|, |Cν˜∗1 ν˜1Re[H0u]| . 10 GeV and Cν˜∗1 ν˜1Re[S] . 100 GeV. This estimation
reflects the fact that |Cν˜∗1 ν˜1Re[S]| may be much larger than the other two couplings.
The basic reason is that ν˜1 is a singlet dominated scalar, so it can couple directly
to the field S with the mass dimension of Cν˜∗1 ν˜1Re[S] induced by vs or Aλν . While
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in case of V11 = 0, the other couplings emerge only after the electroweak symmetry
breaking, and their mass dimension originates from vu.
In the ISS-NMSSM, the sneutrino DM annihilates through following channels to
get its measured density [14]:
(1) ν˜1H˜ → XY and H˜H˜ ′ → X ′Y ′ with H˜ and H˜ ′ denoting Higgsino dominated
neutralino or chargino, andX(′) and Y (′) representing any possible SM particles,
the heavy neutrinos or the extra Higgs bosons if the kinematics is accessible.
This annihilation mechanism is called co-annihilation in literatures [26, 27],
and it works only when the mass splitting between H˜ and ν˜1 is less than about
10%. This is one of the most important annihilation channels in our study.
(2) ν˜1ν˜1 → ss∗ with s denoting a light Higgs boson, which proceeds through any
relevant quartic scalar couplings, the s-channel exchange of a CP-even Higgs
boson or the t/u-channel exchange of a sneutrino. This is another important
annihilation channel of the DM, and it plays a role when the Yukawa coupling
λν or Yν is moderately large.
(3) ν˜1ν˜1 → νhν¯h via the s-channel exchange of a CP-even Higgs boson or the t/u-
channel exchange of a neutralino with νh denoting a heavy neutrino. This is a
distinctive channel in the seesaw extension of the NMSSM.
(4) ν˜1ν˜1 → V V ∗, V s, ff¯ with V and f denoting any gauge boson and fermion
in the SM, respectively. This kind of annihilations proceed mainly by the s-
channel exchange of CP-even Higgs bosons, and it is important if the Higgs
boson is at resonance.
(5) The annihilations of ν˜ ′1 (the partner of ν˜1 with a different CP number) with
same final states as those in (2), (3) and (4).
We emphasize that, since Cν˜∗1 ν˜1Re[S] is potentially large, the channel ν˜1ν˜
∗
1 → h(∗)s →
hihj, νhν¯h may play an important role in determining the density even when the
singlet dominated scalar hs is far off-shell. We get this conclusion by intensive scans
over the parameter space of the ISS-NMSSM, like what we did in the Type-I seesaw
extension of the NMSSM [15].
2.4 DM-nucleon Scattering
In case of BµX 6= 0, the scattering of ν˜1 with nucleon N (N = p, n) proceeds by t/u-
channel exchange of the CP-even Higgs bosons. Consequently, the spin independent
(SI) cross section is given by [14]
σSIν˜1−N =
F
(N)2
u g2µ2redm
2
N
16pim2W
×
{∑
i
[
Cν˜∗1 ν˜1hi
m2himν˜1
(
Ui2
sin β
+
Ui1
cos β
FNd
FNu
)
]}2
,
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where µred = mN/(1 + m
2
N/m
2
ν˜1
) (N = p, n) represents the reduced mass of nucleon
with mν˜1 , F
(N)
u = f
(N)
u + 427f
(N)
G and F
(N)
d = f
(N)
d + f
(N)
s + 227f
(N)
G are nucleon form
factors with f
(N)
q = m
−1
N 〈N |mqqq¯|N〉 and f (N)G = 1 −
∑
q f
(N)
q for q = u, d, s [2].
For the default setting of the package micrOMEGAs [40–42] about nucleon sigma
term σpiN = 34 MeV and σ0 = 42 MeV [43]
1, one can get F pu ' 0.15 and F pd ' 0.14.
Instead if σpiN = 59 MeV [44–46] and σ0 = 57 MeV [47] are adopted, the form factors
become F pu ' 0.16 and F pd ' 0.13. These results reflect that different choice of σpiN
and σ0 will induce an uncertainty of O(10%) on F pu and F pd , and it does not change
drastically the cross section. Besides, one can also calculate F nq by the default setting,
and the results are F nu ' 0.15 and F nd ' 0.14. This implies that σSIν˜1−p ' σSIν˜1−n for
the Higgs mediated interaction.
In order to illustrate the features of the cross section in a clear way, we consider
a special case where mH± & 1TeV. For this case, one may first integrate out the
heavy doublet Higgs field so that the CP-even Higgs sector contains only the SM
Higgs field sin βRe[H0u] + cos βRe[H
0
d ] and the singlet field Re[S], then calculate the
scattering amplitude by mass insertion method. The result takes following form
σSIν˜1−N '
F
(N)2
u g2µ2redm
2
N
16pim2W (125 GeV)
4
×
(
125 GeV
mh
)4
×
(
Cν˜∗1 ν˜1Re[S]
mν˜1
× δ sin θ cos θ
−cos βCν˜∗1 ν˜1Re[H0d ] + sin βCν˜
∗
1 ν˜1Re[H
0
u]
mν˜1
× (1 + δ sin2 θ)
)2
' 4.2× 10−44 cm2 ×
(
125 GeV
mh
)4
×
(
Cν˜∗1 ν˜1Re[S]
mν˜1
× δ sin θ cos θ
−cos βCν˜∗1 ν˜1Re[H0d ] + sin βCν˜
∗
1 ν˜1Re[H
0
u]
mν˜1
× (1 + δ sin2 θ)
)2
, (2.12)
where δ = m2h/m
2
hs
− 1, and θ is the mixing angle of the SM Higgs field and Re[S]
to form mass eigenstates. This formula indicates that if the first or the second term
is of order 1, the cross section can reach the sensitivity of the recent XENON-1T
experiment [29]. This situation can be achieved only when λν and/or Yν are larger
than about 0.4 for mν˜1 = 100 GeV (see the expression of the coupling Cν˜∗1 ν˜1s in
Eq.2.11). We will discuss this issue later.
As for the case of BµX = 0 where the DM corresponds to a complex field, Z-
boson also mediates the elastic scattering between the DM and nucleon, and thus
contributes to the SI cross section. Since the total SI cross section in this case
is obtained by averaging over the ν˜1N and ν˜
∗
1N scatterings and the interferences
between the Z and the Higgs exchange diagrams for the two scattering have opposite
1Note that in recent years, σ0 is usually replaced by strangeness-nucleon sigma term σs ≡
ms/(mu + md) × (σpiN − σ0) ' 12.4 × (σpiN − σ0) as the input to calculate the nucleon form
factor [41]. This may result in a significant difference in the strange quark content in nucleon f
(N)
s
due to theoretical uncertainties, but as shown in the text, it change little F
(N)
u and F
(N)
d .
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sign [48], one can write the SI cross section as [4]
σSIN ≡
σSIν˜1−N + σ
SI
ν˜∗1−N
2
= σhN + σ
Z
N , (2.13)
where σhN is same as before and the Z-mediated contributions are given by
σZn ≡
G2FV
4
11
2pi
m2n
(1 +mn/mν˜1)
2
, σZp ≡
G2FV
4
11(4 sin
2 θW − 1)2
2pi
m2p
(1 +mp/mν˜1)
2
,(2.14)
with GF denoting Fermi constant and θW being weak angle. Note that σ
Z
n is larger
than σZp by two order and consequently σ
SI
n may differ greatly from σ
SI
p . As a result,
the effective cross section of the coherent scattering between the DMs and Xenon
nucleus (defined as the averaged cross section σSIν˜1−Xe/A
2 with A denoting the mass
number of the Xenon nucleus) takes the form
σSIeff = 0.169σ
SI
p + 0.347σ
SI
n + 0.484
√
σSIp σ
SI
n , (2.15)
where the three coefficients on the right side are acquired by averaging the abundance
of different Xenon isotopes in nature. This effective cross section has the property
σSIeff = σ
SI
N if σ
SI
p and σ
SI
n are equal, and it can be used to compare directly with the
bound of the XENON-1T experiment [29].
Before we end the introduction of the theories, we emphasize that the spin de-
pendent cross section of the scattering is always zero, and the SI cross section is
usually much smaller than that for neutralino DM in the MSSM and the NMSSM,
which was analyzed in detail in Ref.[8, 14]. As a result, the extension is consistent
with the XENON-1T experiment in broad parameter space.
3 Constraints on the DM sector
In this section, we study the impact of the leptonic unitary and current/future DM
DD experiments on the sneutrino DM sector under the premise that the theory
predicts the right density and the photon spectrum of the DM annihilation in dwarf
galaxies compatible with the Fermi-LAT observation. In order to illustrate its under-
lying physics in a clear way, we consider two Higgs scenarios, which are characterised
by mhs < mh (light hs scenario) and mhs  mh (heavy hs scenario) respectively, by
noting that the singlet dominated Higgs boson plays an important role in both the
DM annihilations and the DM-nucleon scattering. The reference parameter settings
of the scenarios are presented in Table 1, and they are acquired by intensive scan
over the parameters in both Higgs sector and sneutrino DM sector with various ex-
perimental constraints considered, which is similar to what we did in [15]2. We add
2In practice, we have calculated more than ten million samples for each scenario. The settings
in Table 1 are among the best ones that are able to fit well with all the experimental data.
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Light hs scenario with Aλ = 2 TeV Heavy hs scenario with Aλ = 2 TeV
tan β 12.38 λ 0.24 κ 0.23 tan β 28.46 λ 0.19 κ 0.60
At 2433 Aκ -680.4 µ 195.2 At 2363 Aκ -120.4 µ 328.0
mhs 120.4 mh 125.1 mH 2332 mh 125.1 mhs 2042 mH 5381
mAs 608.5 mAH 2331 mH± 2332 mAs 592.6 mAH 5381 mH± 5379
mχ˜01 186.0 mχ˜02 -206.1 mχ˜±1 197.9 mχ˜
0
1
318.8 mχ˜02 -341.3 mχ˜±1 333.8
U11 -0.01 U12 -0.29 U13 0.96 U11 -0.04 U12 -1.00 U13 0.003
U21 0.08 U22 0.95 U23 0.29 U21 -0.01 U22 -0.003 U23 -1.00
U31 -1.00 U32 0.08 U33 0.02 U31 1.00 U32 -0.04 U33 -0.01
Table 1. Specific configurations of the Higgs sector for two scenarios discussed in the text.
Parameters in mass dimension are in unit of GeV. Other fixed parameters in our study
include mq˜ = 2 TeV for flavor universal squark soft-breaking masses, M1 = M2 = M3 =
2 TeV for gaugino masses, Ai = 0 for all trilinear soft-breaking coefficients except forAλ, At,
[AYν ]33 and [Aλν ]33, as well as [Yν ]11,22 = 0.01, [λν ]11,22 = 0.3, [mν˜ ]11,22 = [mx˜]11,22 = 2 TeV
for parameters in first two generation sneutrino sector. All the parameters are defined at
the scale Q = 1 TeV. We remind the fact that the Higgs masses and Uij in this table are
obtained by the setting [Yν ]33 = [λν ]33 = 0, and sneutrino loop effects may slightly change
them when one varies the Yukawa couplings.
that, if the exotic decays h → νhν¯h, ν˜1ν˜∗1 are kinematically forbidden, the settings
are well consistent with the latest data of the LHC about the discovered Higgs boson
and the search for extra bosons at the LEP and the LHC. This has been checked
with the packages HiggsSignal-2.4.0 [49] and HiggsBounds-5.7.0 [50].
3.1 Research strategy
The procedure of our study is as follows: we first construct the likelihood function
for the DM physics, and use it to guide our sophisticated scans over the parameters
of the sneutrino sector in either scenario. Then with the samples obtained in the
scan, we project the likelihood function on different two dimensional planes to show
its features and reveal its underlying physics.
The likelihood function we adopt is composed by
LDM = LΩν˜1 × LDD × LID × LUnitary, (3.1)
where LΩν˜1 , LDD, LID and LUnitary account for the relic density, current XENON-1T
experiment [29] or future LZ experiment [51], the Fermi-LAT observation of dwarf
galaxies, and the unitary constraint in Eq.(2.6) respectively. Their expressions are
as follows:
• LΩν˜1 is Gaussian distributed, i.e.
LΩν˜1 = e−
[Ωth−Ωobs]2
2σ2 , (3.2)
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where Ωth denotes the theoretical prediction of the density Ων˜1h
2, Ωobs = 0.120
represents its experimental central value [52] and σ = 0.1 × Ωobs is the total
(including both theoretical and experimental) uncertainty of the density.
• LDD takes a Gaussian form with a mean value of zero [53]:
LDD = e−
σ2ν˜1−p
2δ2σ , (3.3)
where σν˜1−p stands for the theoretical prediction of the DM-proton scattering
rate, δσ is evaluated by δ
2
σ = UL
2
σ/1.64
2 + (0.2σν˜1−p)
2 with ULσ denoting the
upper limit of relevant DM DD experiment on the scattering cross section at
90% C.L., and 0.2σν˜1−p parameterizing the theoretical uncertainty of σν˜1−p.
• LID is calculated by the likelihood function proposed in [54, 55] with the data
of the Fermi-LAT collaboration presented in [56, 57].
• For the likelihood function of the unitary constraint in Eq.(2.6), we take fol-
lowing form
LUnitary =
 exp[−
1
2
(
r − 9.4
0.2r
)2
] if r ≤ 9.4
1 if r > 9.4
(3.4)
with r ≡ λνµ/(Yνλvu).
In addition, we abandon samples which open up the decay channel h → νhν¯h or
h → ν˜1ν˜∗1 . In practice, this is accomplished by fixing the likelihood value of these
samples at e−100.
In order to make the conclusions in this work as complete as possible, we adopt
the MultiNest algorithm introduced in [58, 59] to implement the scans. For each
scan, we take the prior probability density function (PDF) of the involved input
parameters flat distributed, and set the nlive parameter of the algorithm, which
denotes the number of active or live points used to determine the iso-likelihood
contour in each iteration [58, 59], at 10000. Obviously, the larger nlive is, the finer
the scan becomes. The output of the scan includes the Bayesian evidence, which is
generally defined by
Z(D|M) ≡
∫
P (D|O(M,Θ))P (Θ|M)
∏
dΘi,
where P (Θ|M) represents the prior PDF of input parameters Θ = (Θ1,Θ2, · · · ) in
a model M , and P (D|O(M,Θ)) ≡ L(Θ) denotes the likelihood function for the
theoretical predictions of the observables O confronted with their experimentally
measured values D. Computationally, the evidence is an averaged likelihood, and
it depends on the priors of the model’s parameters. For different scenarios in one
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theory, the larger Z is, the more readily the corresponding scenario is consistent with
the data.
With the output of the scan, one can also get the profile likelihood (PL) in
frequentist statistics, which is defined as the largest likelihood value in a certain
parameter space [15, 60]. Take one dimensional (1D) and two dimensional (2D) PLs
as an example, they are acquired by the procedure
L(ΘA) = max
Θ1,··· ,ΘA−1,ΘA+1,···
L(Θ), (3.5)
L(ΘA,ΘB) = max
Θ1,··· ,ΘA−1,ΘA+1,··· ,ΘB−1,ΘB+1,···
L(Θ).
Obviously, the PL reflects the preference of a theory on the parameter space, and for
any point on 1D direction or 2D ΘA−ΘB plane, its PL value represents the capability
to account for the experimental data by varying the other parameters. Sequentially
one can introduce the concept of the confidence interval (CI) to classify the parameter
region by the extent that parameter points in it can fit the data. Take the 2D PL
as an example, its 1σ and 2σ CIs are defined as the regions satisfying the condition
χ2 − χ2min ≤ 2.3 and χ2 − χ2min ≤ 6.18 respectively, where χ2 ≡ −2 lnL(ΘA,ΘB) and
χ2min is the χ
2 value of the best sample in the scan.
In our study, we utilize the package SARAH-4.11.0 [61–63] to build the model file
of the ISS-NMSSM, the codes SPheno-4.0.3 [64] to generate its particle spectrum,
and the package MicrOMEGAs 4.3.4 [40, 42, 65] to calculate the DM observables.
3.2 Results for light hs scenario
With the inputs of the Higgs sector in Table 1, the Higgs-mediated SI cross section
in Eq.(2.12) is written as
σSIν˜1−N ' 4.2× 10−44 cm2 ×
(
0.02Cν˜∗1 ν˜1Re[S]
mν˜1
+
Cν˜∗1 ν˜1Re[H0u] + 0.08Cν˜∗1 ν˜1Re[H0d ]
mν˜1
)2
.
Given that Cν˜∗1 ν˜1Re[S] is usually larger than Cν˜∗1 ν˜1Re[H0u] and Cν˜∗1 ν˜1Re[H0d ] by two orders
for the setting, the first term in the bracket is comparable or even larger than the
other terms. In order to investigate the impact of the DM DD experiments on the
DM sector, we compare different cases of the scenario by performing four independent
scans over following parameters
0 ≤ Yν , λν ≤ 0.7, 0 < mν˜ ,mx˜ < 500 GeV,
|AYν |, |Aλν | < 1000 GeV, 400 GeV ≤ ml˜ ≤ 1000 GeV, (3.6)
where the parameter ml˜ denotes the common soft breaking mass for three generation
sleptons. In the first scan, we fix BµX = −100 GeV2 and use the upper bound of the
XENON-1T experiment on the SI cross section to calculate LDD. The second scan is
similar to the first one except that we use the sensitivity of the future LZ experiment
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Figure 1. Profile likelihoods of the function LDM in Eq.(3.1) for the light hs scenario,
which are projected on λν − mν˜1 plane. The upper panels are the results for the case
of BµX 6= 0 with the bound from the XENON-1T (2018) experiment (left panel) and the
future LZ experiment (right panel) on the cross section of the DM-nucleon scattering taken
into account in calculating LDM. The lower panels are obtained in a similar way to the
upper panels except that they are for BµX = 0 case. Since χ
2
min ' 0 for the best point
of the scan, the boundary for 1σ confidence interval (white solid line) and that for 2σ
confidence interval (red solid line) correspond to χ2 ' 2.3 and χ2 ' 6.18 respectively. This
figure reflects the preference of the DM measurements on the parameters λν and mν˜1 .
as input of LDD. The last two scans differ from the previous ones only in that we
set BµX = 0. As we introduced before, such a setting will induce an additional
contribution, namely the Z-mediated contribution, to the DM-nucleon scattering.
This will strengthen the constraint of the DD experiments.
With the samples obtained in the scan, we are able to plot the map of the PL for
the function LDM on different planes in Fig.1-5. From Fig.1 and Fig.2 which shows
the 1σ and 2σ CIs on λν −mν˜1 and σSIν˜1−p −mν˜1 planes respectively, one can learn
following facts
• mν˜1 is concentrated on the range from 120 GeV to 181 GeV. For 172 GeV .
mν˜1 . 181 GeV, mν˜1 is close to mχ˜01 and the DM gets the right density through
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Figure 2. Same as Fig.1, but for the profile likelihood projected on σSIν˜−p −mν˜1 plane.
its co-annihilation with χ˜01. In this region, the density is insensitive to the
parameter λν , so λν may vary from 0.15 to about 0.6 where the lower bound
comes from the requirement νh > mh/2 to forbid kinematically the decay h→
νhν¯h. For the other mass range, the DM achieves its right relic density by
the annihilations ν˜1ν˜
∗
1 → hshs, hsh, hh. As indicated by the density formula
in [66, 67], λν should be around 0.4 if the scalar quartic interaction ν˜
∗
1 ν˜1SS is
mainly responsible for the density. This feature is shown clearly in Fig.1.
For any mass region, the SI cross section for DM-nucleon scattering may be
as low as 10−50 cm2 (see Fig.2). This reflects the general feature that there
are multiple mechanism to suppress the scattering so that the cross section is
usually preferred small. This feature was recently emphasized in our work [8],
and it is also reflected in Eq.(2.12).
• Although we require λν ≤ 0.7 in the scans, Fig.1 indicates that λν in the 2σ
confidence interval (CI) are upper bounded by about 0.56, 0.56, 0.50 and 0.45
for the four scans respectively. By comparing the left panels with corresponding
right panels, one can learn that this is due to the constraint of the DM DD
experiments on the co-annihilation region. In fact, we compute the Bayesian
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Figure 3. Same as Fig.1, but for the profile likelihood projected on Yν − λν plane with
the red line denoting the leptonic unitary bound.
evidences Zi (i = 1, 2, 3, 4) of the scans, and find that lnZ1 = −55.6, δ12 ≡
lnZ1 − lnZ2 = 1.0, δ13 ≡ lnZ1 − lnZ3 = 0.54 and δ34 ≡ lnZ3 − lnZ4 = 1.43.
The Jeffreys’ scale δ13 [68, 69] reflects the fact that the DM experiments do not
show significant preference of the BµX 6= 0 case to the BµX = 0 case [70]. On
the other hand, δ12 and δ34 indicates that, if the sensitivity of the XENON-
1T experiment is improved by 50 times through the LZ experiment, a sizable
portion of the parameter space will become disfavored so that the average value
of LDM, namely Bayesian evidence, is lowered by a factor more than 40%. This
result is also reflected by the sizable shrink of the 1σ CIs in Fig.1 and Fig.2.
In order to make the implication of Fig.1 clearer, we describe how we get this
figure. From Eq.(3.5), one can learn that the 2D PL L(λν ,mν˜1) is given by
L(λν ,mν˜1) = max
Yν ,Aλν ,···
LDM(λν , Yν , Aλν , AYν ,mν˜ ,mx˜,ml˜). (3.7)
In plotting Fig.1, the maximization over the parameters Yν , Aλν , AYν , mν˜ , mx˜ and
ml˜ is implemented as follows: we first split the λν − mν˜1 plane into 80 × 80 equal
boxes (i.e. we divide each dimension of the plane by 80 equal bins), then we fit
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Figure 4. Same as Fig.1, but for the profile likelihood projected on Yν −ml˜ plane.
the samples obtained in the scan into each boxes so that the samples in each box
correspond roughly equal λν and mν˜1 , but the other parameters may differ greatly.
Finally, we pick out the maximum likelihood value from the samples in each box as
the PL value. Obviously, L(λν ,mν˜1) obtained in this way reflects the preference of
the theory on the parameters λν and mν˜1 , and for a given point on λν −mν˜1 plane,
its value represents the capability to account for experimental data. We add that
χ2min ' 0 for the best point in the scans. This is because the DM experimental data
are independent and consistent with each other, and the ISS-NMSSM can explain
well the data.
Next we consider the 2D PL L(Yν , λν), which is shown in Fig.3 with the red
dashed line denoting the correlation λνµ/(Yνλvu) = 9.4 (or equivalently λν = 2.9Yν)
for the unitary constraint. This figure shows that Yν . 0.17 and the upper bound of
Yν is always determined by the unitary requirement. This feature can be understood
as follows: because the unitary constraint has required λν to be several times larger
than Yν , the SI cross section is much more sensitive to λν than to Yν . Consequently
λν is upper bounded by the DM DD experiments, while Yν is only limited by the
unitary constraint.
We also study 2D PLs L(Yν ,ml˜) and L(V11,ml˜), and plotted their CIs in Fig.4
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Figure 5. Same as Fig.1, but for the profile likelihood projected on V11 −ml˜ plane.
and Fig.5 respectively. Fig.4 indicates that the 2σ CI in each panel forms a rough
rectangular area on Yν −ml˜ plane. The basic reason comes from the facts that LDM
relies on ml˜ only through V11 and that |V11| is sizable only when Yν is relatively large
(see the expressions of m12 and m13 in Eq.2.9). Explicitly speaking, for the BµX 6= 0
case V11 affects little the annihilation rate and the scattering rate since it is small.
This feature together with the moderately weak correlation between the upper bound
of |V11| and ml˜ (see the top panels of Fig.5) determines that the favored range of Yν
is approximately independent of ml˜, which accounts for the rectangular shape. For
the BµX = 0 case, the effective SI cross section in Eq.(2.15) is mainly contributed
by the Z-mediated DM-neutron scattering when V11 is sizable, and consequently the
maximal value of |V11| favored by the experimental data, especially by the DM DD
experiment, is small and independent of ml˜ (see the bottom panels of Fig.5). In this
case, one may replace ml˜ by V11 as a theoretical input. This again leads to a rough
independence of the boundary on ml˜.
Besides, one can learn from Fig.5 that the experiments have required |V11| . 0.10
at 2σ level for the BµX 6= 0 case with ml˜ = 400 GeV, and that the range becomes
narrowed with the increase of ml˜. By contrast, the experimental constraint becomes
very tight for the BµX = 0 case due to the largeness of the Z-mediated contribution to
– 19 –
Figure 6. Same as Fig.1, but for the heavy hs scenario defined in Table 1.
the ν˜1-neutron scattering, i.e. |V11| . 0.02 if the XENON-1T results are considered
and |V11| . 0.01 if the future LZ results are adopted. About this conclusion, we
coincide with that in [71].
3.3 Results for heavy hs scenario
In the heavy hs scenario, the Higgs-mediated SI cross section is given by
σSIν˜1−N ' 4.2× 10−44 cm2 ×
(
0.003Cν˜∗1 ν˜1Re[S]
mν˜1
+
Cν˜∗1 ν˜1Re[H0u] + 0.04Cν˜∗1 ν˜1Re[H0d ]
mν˜1
)2
,
for the parameter setting in Table 1. Given the typical size of Cν˜∗1 ν˜1Re[S] ∼ O(102 GeV)
and Cν˜∗1 ν˜1Re[H0u], Cν˜∗1 ν˜1Re[H0d ] ∼ O(10 GeV) for λν , Yν & 0.3, one can infer that the first
term in the bracket is no longer more important than the rest contribution, and
σSIν˜1−N is of the order 10
−46 cm2 in optimal cases for mν˜1 = 300 GeV so that the
XENON-1T experiment has weak limitation on the BµX 6= 0 case of this scenario.
This situation is quite different from the light hs scenario.
Similar to what we did for the light hs scenario, we perform four independent
scans over the parameter space in Eq.(3.6), and project the PL on different planes.
The results are presented in Fig.6-10, which correspond to Fig.1-5 respectively. From
these figures, one can learn following facts:
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Figure 7. Same as Fig.2, but for the heavy hs scenario defined in Table 1.
• Since the unitary constraint becomes λν > 1.3 Yν for the setting in Table 1,
Yν may be comparable with λν . Consequently, the SI cross section is sensitive
not only to λν , but also to Yν . This feature is different from that of the light
hs scenario.
• Given that the BµX 6= 0 case is weakly limited by the XENON-1T experiment,
both λν and Yν may be larger than 0.4 (see the upper left panel of Fig.8).
On the other hand, with the experimental sensitivity improved and/or the Z-
mediated contribution added in the BµX = 0 case, the DM DD experiments
begin to limit λν and Yν , and the possibility of Yν & 0.4 becomes disfavored.
This is shown on the rest panels of Fig.8.
• Givenmχ˜01 ' 319 GeV, ν˜1 gets the right density through its co-annihilation with
χ˜01 in most cases, which is shown clearly in Fig.6. Besides, it may also annihi-
late into hh final state, which proceeds mainly through the ν˜∗1 ν˜1Re[H
0
u]Re[H
0
u]
interaction for the parameter setting in Table 1. With the formula of the den-
sity in [66, 67] and Cν˜∗1 ν˜1Re[H0u]Re[H0u] = Y
2
ν |V12|2, one can infer that the right
density requires Yν & 0.3. This expectation coincides with the results in Fig.6
when taking into account the correlation λν ∼ 1.3Yν .
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Figure 8. Same as Fig.3, but for the heavy hs scenario defined in Table 1.
We checked that δ12 ≡ lnZ1 − lnZ2 = 0.2, δ13 ≡ lnZ1 − lnZ3 = 0.62 and
δ34 ≡ lnZ3 − lnZ4 = 0.56 in the heavy hs scenario. The smallness of δ12 and
δ34 reflects that the LZ experiment can not improve significantly the constraint
of the XENON-1T experiment on the scenario, and the smallness of δ13 reflects
that the XENON-1T experiment prefers slightly the BµX 6= 0 case to the
BµX = 0 case.
• As for the other properties of the heavy hs scenario, such as the range of the SI
cross section, the correlation between Yν and ml˜ and that between V11 and ml˜,
they are quite similar to those of the light hs scenario. So we do not discuss
them any more.
In summary, λν is less constrained in the heavy hs scenario than in the light
hs scenario, and the unitary constraint always plays an important role in limiting
Yν except for the case of BµX = 0 and Yν > 0.2, where the constraint from the LZ
experiment is tighter than the unitary constraint in limiting Yν (see the last panel
of Fig.8). We emphasize again that the moderately strong constraint of the DM DD
experiments on the light hs scenario with BµX 6= 0 comes from the fact that hs is
– 22 –
Figure 9. Same as Fig.4, but for the heavy hs scenario defined in Table 1.
light and contains sizable doublet components so that the coupling Cν˜∗1 ν˜1Re[S] can
contribute significantly to the scattering rate.
Finally, we point out that the most promising way to test the two scenarios at
the LHC is to search for the Di-τ plus missing momentum signal through the process
pp→ χ˜±1 χ˜∓1 → (τ±EMissT )(τ∓EMissT ) [14, 15]. However, due to the small mass splitting
between χ˜±1 and ν˜1 in both scenarios, current LHC experiments are hardly to limit
the parameter points in the 2σ CIs [15].
4 Conclusion
Motivated by the more and more stringent limitation of DM DD experiments on the
traditional neutralino DM in natural MSSM and natural NMSSM, we augmented the
NMSSM with the inverse seesaw mechanism to generate neutrino mass, and studied
the feasibility that the lightest sneutrino acts as a DM candidate in our previous
works [8, 14, 16]. One remarkable conclusion we obtained is that experimental con-
straints from both the DM search experiments and the collider experiments on the
extension are generally relaxed in a great way, and consequently broad parameter
spaces in the NMSSM which have been excluded by the experiments are resurrected
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Figure 10. Same as Fig.5, but for the heavy hs scenario defined in Table 1.
as experimentally allowed, especially the Higgsino mass may be around 100 GeV to
predict Z-boson mass in a natural way. This makes the extension rather attractive
and worthy of being studied carefully.
In this work, we realize that large neutrino Yukawa couplings λν and Yν can
enhance significantly the DM-nucleon scattering rate, so they may be limited by the
recent XENON-1T experiment. We also realize that the upper bound on the unitary
violation in neutrino sector sets certain correlation between the couplings λν and Yν ,
which in return limits the parameter space of the ISS-NMSSM. Since these issues
were not discussed before, we decide to study the impact of the leptonic unitary and
current/future DM DD experiments on sneutrino DM sector. Explicitly speaking, we
consider light hs scenario and heavy hs scenario by noting that the singlet dominated
Higgs plays an important role in both DM annihilation and DM-nucleon scattering,
and for each scenario we study BµX 6= 0 case and BµX = 0 case separately. The
difference of the two cases comes from the fact that, besides the Higgs mediated
contribution, Z boson also mediates the scattering of the DM with nucleons in the
BµX = 0 case, and consequently the constraints of DM DD experiments in this case
become much tighter than the BµX 6= 0 case.
In our study, we encode the constraints in a likelihood function, and perform
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sophisticated scans over the vast parameter space of the model by Nested Sampling
method. The results of our study may be summarized as follows:
• The XENON-1T experiment is able to set upper bound on the couplings λν
and Yν , and future LZ experiment can improve the bound significantly. The
limitation is powerful when the state hs is light and at same time contains
sizable doublet components.
• As a useful complement to DM DD experiments, the unitary constraint always
plays an important role in limiting Yν . It becomes more and more effective in
this aspect when vs approaches v from top to bottom.
• The parameter space favored by DM experiments shows a weak dependence on
the left-handed slepton soft mass ml˜. This implies that one may fix ml˜ when he
surveys the phenomenology of the DM sector by scanning intensively relevant
parameters with the experimental constraints considered, and this does not
affect the comprehensiveness of the results.
• The left-handed sneutrino component in the DM is tightly limited by the DM
experiments, e.g. |V11| . 0.15 for the BµX 6= 0 case and |V11| . 0.05 for the
BµX = 0 case if the sensitivity of current XENON-1T experiment is considered,
and the upper bounds becomes 0.10 and 0.01 respectively once the sensitivity
of future LZ experiment is reached.
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